Background: Schwannomas of the colon and rectum are rare among gastrointestinal schwannomas. They are usually discovered incidentally as a submucosal mass on routine colonoscopy and diagnosed on pathologic examination of the operative specimen. Little information exists on the diagnosis and management of this rare entity. The aim of this study is to report a case of cecal schwannoma and the results of a systematic review of colorectal schwannoma in the literature. Main body: PubMed, Scopus, and Cochrane database searches were performed for case reports and case series of colonic and rectal schwannoma. Ninety-five patients with colonic or rectal schwannoma from 70 articles were included. Median age was 61.5 years (59% female). Presentation was asymptomatic (28%), rectorrhagia (23.2%), or abdominal pain (15.8%). Schwannoma occurred in the left and sigmoid colon in 36.8%, in the cecum and right colon in 30.5%, and in the rectum in 21.1%. Median tumor size was 3 cm and 56.2% of patients who underwent preoperative colonoscopy had a typical smooth submucosal mass. At pathology, 97.9, 13.7, and 5.3% of schwannomas stained positive for S100, vimentin, and GFAP, respectively. The median mitotic index was 1/50. Conclusions: Colorectal schwannoma is a very rare subtype of gastrointestinal schwannoma which occurs in the elderly, almost equally in men and women. Schwannoma should be included in the differential diagnosis of a submucosal lesion along with gastrointestinal stromal tumor, neuro-endocrine tumors, and leiomyomaleiomyosarcoma. Definitive diagnosis is based on immunohistochemistry of the operative specimen. Rarely malignant, surgery is the mainstay of treatment.
Background
Schwannomas of the gastrointestinal tract are spindle cell tumors originating from peripheral nerve lining Schwann cells and represent a very rare entity, accounting for approximately 2-6% of all mesenchymal tumors [1, 2] . In fact, the differential diagnosis of this entity includes all mesenchymal or neuro-ectodermal neoplasms, in decreasing frequency: gastrointestinal stromal tumors (GISTs), leiomyomas, leiomyosarcomas, neurofibromas, ganglioneuromas, paragangliomas, lipomas, granular cell tumors, and glomus tumors [3] . Gastrointestinal tract schwannomas occur in decreasing frequency in the stomach (83%), small bowel (12%), and, finally, the colon and rectum [1] . Gastrointestinal schwannomas occur at similar rates in men and women with a mean age of 60-65 years [3] . Most commonly, schwannoma is discovered incidentally on screening endoscopy or during abdominal imaging that is being done for another reason, and the diagnosis is made on definitive pathologic examination of operative specimen [4] . On immunohistology, they stain positive for S100. Gastrointestinal schwannomas occur indifferently in men and women with a mean age of 60-65 years [3] . Rectal schwannoma may cause symptoms such as obstruction, bleeding, and tenesmus. Few data exist on this rare entity in the literature.
The aim of this study is to report an incidental finding cecal schwannoma with a systematic literature review of colorectal schwannoma, to describe the clinical, diagnostic (endoscopic, abdominal imaging), pathologic, and prognostic features of colorectal schwannomas.
Materials and methods
We performed a systematic review of the literature using three databases (PubMed, Scopus, and Cochrane). In the PubMed search, we used the following search terms: ("Colorectal Neoplasms" [Mesh] ) AND "Neurilemmoma"[-Mesh] with filter for case reports and ("Colorectal Neoplasms" [Mesh] ) AND "Neurilemmoma"[Mesh] AND case series. Free terms included (colorectal OR rectum OR rectal OR colon OR colonic) AND Schwannoma and (colorectal OR rectum OR rectal OR colon OR colonic) AND Schwannoma AND case series. In the Scopus database search, we used the terms (TITLE-ABS-KEY ({case report})) AND (TITLE-ABS-KEY(schwannoma) AND TITLE-ABS-KEY(colorectal OR rectum OR rectal OR colon OR colonic)) OR ((TITLE-ABS-KEY(schwannoma) AND TITLE-ABS-KEY(colorectal OR rectum OR rectal OR colon OR colonic)) AND ({case series})). In the Cochrane search, we used the following: Title-abstractkeywords: Schwannoma and Title-abstract-keywords: Neurilemmoma. The search strategy had no publication date, or publication type restriction. In addition, the reference lists of relevant reviews or included articles were also searched to find other eligible studies. We included only studies published in English.
Study characteristics such as patient age, sex, and presenting symptoms, diagnostic exams, tumor characteristics (size, location, appearance on colonoscopy and on imaging), timing of diagnosis (endoscopic biopsy or post-operatively), type of resection (endoscopic, transanal, laparoscopic, and open), tumor immunostaining (S100, vimentin, glial fibrillary acidic protein [GFAP], Ki67), and mitotic rate reported in the pathology report, lymph node status, and the degree of aggressiveness of the tumor were evaluated in the literature review.
Results

Case report
An asymptomatic 70-year-old female known to have surgically treated squamous cell carcinoma of the nose underwent a routine screening colonoscopy that revealed an uncomplicated diverticulosis and a cecal submucosal mass (Fig. 1) . The appearance was most likely correlated with a submucosal tumor and less likely to be an extrinsic compression. At pathology, colonoscopic biopsies of the mass showed normal colonic mucosa. Laboratory examination showed no anemia (hb 13.2 g/dL) was negative for CEA tumor marker (CEA 2.2 μg/L). Abdominal computed tomography scan (CT scan) revealed a well-circumscribed hypervascular anterior cecal wall mass ( Fig. 2 ) with no liver metastases and no other distant lesions. The mass had no metabolic activity on either FDG-PET scan or on Octreo-PET (Fig. 3a, b) .
After multidisciplinary team discussion, a differential diagnosis of mesenchymal tumor of the colon (GIST, leiomyoma, and leiomyosarcoma) was suggested and we decided to perform an exploratory surgery. The patient was consented for open exploration by mini-laparotomy and possible right hemi-colectomy. The right colon was mobilized at the white line of Toldt, the 3 cm white cecal mass was well circumscribed, and a wedge resection, including the appendix, using GIA 75 (Ethicon Endo-Surgery GIA; 75 mm; Guaynabo, Puerto Rico 00969 USA) was performed. The operative specimen was sent for frozen section at pathology. The temporary diagnosis was a benign spindle cell tumor. The intra-operative decision was to wait for the definitive histopathologic examination report in order to try to avoid a right hemicolectomy. The final pathology report revealed a benign spindle cell tumor that stained negative for CD117 and DOG-1 and was diagnosed as cecal schwannoma with a reactive lymph node (Fig. 4) .
The post-operative course was uneventful and the patient started oral feeding the same night and was discharged on day 5 with pain killers. The final multidisciplinary committee decision was follow-up without further treatment needed. At 1-year follow-up, the patient is disease free.
Systematic literature review Study selection
A total of 521 articles were identified from the PubMed, Scopus, and Cochrane databases. After removing duplicated articles, 230 articles remained for further assessment. A total of 171 articles were excluded on the basis of the titles and the abstracts. Of the remaining 120 articles, only 78 articles had full text published in English.
After full text review of these remaining articles, 70 were eligible and included in the systematic review (Fig. 5 ).
Patient and tumor characteristics
A total of 70 articles (Table 1) reporting 95 cases of colorectal schwannoma were found, including one article reporting a series of 20 colorectal schwannomas from the Armed Forces Institute of Pathology [4] . A total of 96 patients were reviewed, including our case [1, 2, . The statistical analysis of all patient characteristics is listed in Table 2 .
There were 40 male (41.7%) and 56 female (58.3%) patients with a mean age of 61.2 years (range 14 to 95 years). Thirty-five patients (36.4%) were asymptomatic at presentation, including eight with positive fecal occult blood test (8.3%). The most common presenting symptoms were rectorrhagia (22.9%) followed by nonspecific abdominal pain (15.6%), constipation (7.3%), tenesmus (7.3%), and increased abdominal girth (2.1%).
Schwannoma occurred most frequently in the cecum and right colon (30.5%) followed by the sigmoid (28.1%), the rectum (21.1%), the left colon (8.3%), the transverse colon (5.3%), and the appendix (1.1%). The tumor size ranged from 0.3 to 28 cm with a mean of 3.78 cm (median 3 cm).
On colonoscopy, results were available in 73 out of 96 patients (76%). Schwannoma had the typical submucosal mass appearance with smooth mucosal surface in 41 (56.2%) and with ulcerated mucosa in 5 (6.8%). Fifteen patients (20.5%) had a tumor described as submucosal polyp, and nine patient tumors (12.3%) were described as a mass, either fungating (8.2%) or polypoid (4.1%).
Pre-operative tumor imaging results were available for 46 patients (48%). The most common imaging done was abdominal CT scan (35 patients, 76%). In the majority, the CT scan report lacked a description of the schwannoma and identified a colorectal mass. In 12 cases (34.3%), the schwannoma was described as a well-circumscribed homogenous lesion with low enhancement on arterial phase and in one case as a well-circumscribed homogenous lesion without arterial phase enhancement. Endorectal ultrasound (EUS) results were available for only seven patients (7.3%) and all of these showed a transmural hypo-echogenic mass. FDG-PET/CT scan was done in only four patients (including our patient) and showed a hypermetabolic lesion in three of them.
The diagnosis of schwannoma was made on the operative specimen in the majority of patients (74%), on endoscopic or transanal biopsy in 23 patients (24%), and diagnostic method was not reported in 2% of cases.
All patients with no biopsy or inconclusive biopsies underwent radical colonic resection either open (60.4%) or laparoscopic (11.5%). Three patients were diagnosed with schwannoma pre-operatively and underwent wedge colonic resection. Fifteen patients had colonoscopic resection at their initial examination and resection was judged sufficient and they did not undergo further treatment. Transanal surgery was performed in seven patients with rectal schwannomas including two treated by transanal microsurgery. On pathologic examination, the Antonini subtype was available or deduced in 26 out of 96 patients, 57.7% were type A (14 patients), half of the remaining were type B, and the other half were both types A and B. In all available immuno-histologic examinations, schwannomas stained positive for S100 in 97.9%, for vimentin in 13.5%, for glial fibrillary acidic protein (GFAP) in 5.2%, for CD34 in 2.1%, and for CD68 in 1%. Tumor mitotic activity results were reported in only 41 patients (Ki-67 in 5 patients (5.3%) the highest below 5%, MIB-1 in 6 patients (6.3%) the highest < 5%, and low mitotic count in 30 (31.6%) with a mean of 2.1/50 and a median of 1/ 50 high-power fields). Lymph node status was available in only 11 pathology reports (11.5%) and was negative in all of these. Schwannoma was judged to be benign in 93 out 95 patients (96.9%), and local and hepatic pattern recurrences were observed in 3 patients (3.1%) and were reported as "malignant" schwannomas [67, 69, 71] . Discussion Schwannomas are extremely rare tumors of the nerve sheath, developing from Schwann cells. In the gastrointestinal tract, they present as spindle cell tumors, originating from Auerbach's myenteric plexus rather than Meissner's submucosal plexus, and account for approximately 2-6% of all mesenchymal tumors [1] .
Colorectal schwannoma is a very rare neoplasm and is the least frequent location for a GI schwannoma [1, 2] . Based on our systematic review, colorectal schwannoma occurs slightly more in female patients (59%), with a mean age of 61.5 years, and a wide age range from 14 to 95 years. Schwannoma is frequently diagnosed as a submucosal mass or polyp [4, 10, 28, 30, 31, 33, 39, 41-43, 46-49, 66] with a smooth surface but in rare cases can ulcerate into the mucosa [1, 2, 16, 18, 23, 29, 40] . This submucosal mass is usually discovered incidentally during routine screening colonoscopy. As is true for all other mesenchymal tumors, mucosal biopsy is usually inconclusive. Deep biopsy or submucosal resection [4, 18, 22, 26, 31, 41, 43, 46-48, 50, 57] can help differentiate schwannoma from other mesenchymal tumors such as gastrointestinal stromal tumors (GIST), neuro-endocrine tumors (NET), leiomyomas, and leiomyoma-sarcomas, or from adenocarcinomas in cases where the mucosa is ulcerated. In decreasing frequency, schwannoma occurs in the right colon and cecum, followed by the sigmoid colon, the rectum, the left colon, and, finally, the transverse colon. The size of schwannomas ranges from less than 1 cm lesions to very large tumors up to 28 cm that present with an increase in abdominal girth [67, 68] .
For differential diagnosis of schwannoma, abdominal CT scan can help differentiate between schwannoma and other mesenchymal tumors. Schwannomas appear as well-defined homogenous mural masses with low enhancement [1, 5, 7, 10, 11, 14, 35, 36, 40, 51, 70] in comparison with the heterogenous aspect of GIST and the ill-defined aspect of adenocarcinomas [72] . Less than half of the published case reports had a CT scan done, approximately half of these had endoluminal resection and did not require abdominal imaging. In two thirds of patients who underwent CT scan, the published case reports lacked a description of the colorectal mass scan and did not specify the characteristics of the mass with regard to shape and arterial enhancement, factors which might be helpful for differential diagnosis. Echo-endoscopic ultrasonography can also be useful for diagnosis as schwannoma appears as a well-defined transmural hypoechoic mass.
In this review, four patients (4.16%) underwent metabolic imaging (FDG-PET/CT scan). Schwannoma exhibited hypermetabolic activity in three of these (75%) and no metabolic activity in one of them (25%). In the majority of cases, FDG-PET/CT scan was performed in the preoperative work-up of an atypical colorectal mass to differentiate between a malignant and a benign lesion, as in our case report. In patients with and without metabolic activity, all lesions were reported as benign. Although reported data are limited, current data do not suggest a role for FDG-PET/CT scan to differentiate between benign and malignant gastrointestinal schwannoma. In addition, octreotide receptor PET/CT scan can help to exclude the diagnosis of NET, as in the present report. The definitive diagnosis is made on immunohistopathologic examination of the operative specimen. Macroscopically, schwannomas tend to be lobulated well-defined tumors ulcerating into the mucosa [73] . Furthermore, they stain positive for S100, and occasionally for vimentin, and stain negative for SMA, Desmin, CD117, and P53 [74] . One of the malignant schwannomas [71] had a c-kit mutation along with S100 which makes a diagnosis of GIST more likely, although the tumor was considered to be a malignant schwannoma.
Two histological growth patterns have been described: Antoni A, characterized by the dense growth of fusiform cells compactly arranged in palisades to form Verocay bodies and Antoni B in which the fusiform cells are more loosely distributed with rounded or elongated nuclei, with a great quantity of myxoid stroma and xanthomatous histiocytes. Recognition of these patterns has proved useful in the histologic identification of schwannomas [2] . Colorectal schwannomas are reported as benign in more than 98% of cases. They are characterized by a low rate of mitosis, the absence of atypical mitotic figures, and nuclear hyperpigmentation. The degree of aggressiveness depends on the Ki-67 index and the mitotic index. Ki-67 index is recommended as an indicator of malignancy. A value of more than 5% correlates with greater tumor aggressiveness and a value of more than 10% is considered malignant [2] . A higher risk of metastasis and/or recurrence has been associated with a mitotic activity rate > 5 mitoses per field at high magnification and a tumor size larger than 5 cm [8] . More than half of the published case reports lacked the complete pathologic description of the schwannoma, and the differentiation between benign and malignant was not based on mitotic index, Ki-67, or MIB-1. Malignant profile was judged based on long-term local and distal recurrence [67, 69, 71] . Metastatic spreading in lymph nodes is exceptional but Das Gupta and Brasfield have reported the occurrence of loco-regional metastases in aggressive tumors (2%) [9] . Three cases of malignant colorectal schwannoma were reported [67, 69, 71] but they lacked data on mitotic activity, Ki-67, and MIB-1. In these case reports, the authors made their conclusion depending on the large size with numerous mitoses [67] and on the emergence of long-term local recurrence and liver metastasis [69] [70] [71] .
The best therapeutic option is complete surgical resection with free negative margins. Radical surgery is not necessary. In reported cases, the observed high frequency of radical resection is due to the absence of accurate preoperative diagnosis. When diagnosed preoperatively, schwannomas were resected either endoscopically or by a wedge resection [35, 56] . According to our research, no patients were offered adjuvant radiotherapy or chemotherapy.
Our review was limited by the small number of published case reports and the low index of pre-operative suspicion which resulted in somewhat hazardous diagnostic examinations. Most patients either did not undergo an abdominal imaging modality or lacked a detailed description of imaging results. Moreover, mitotic index was not calculated in all patients.
Conclusions
In conclusion, schwannoma of the gastrointestinal tract is a rare, usually benign, tumor, and colonic schwannoma is an even more rare occurrence. Differential diagnosis of a submucosal lesion should include schwannoma as well as GIST, NET, and leiomyoma-leiomyosarcoma. Submucosal or deep biopsy might help to make a pre-operative diagnosis. Contrast-enhanced CT scan with low enhancement could help differentiate the well-defined schwannoma from other mesenchymal tumors or adenocarcinoma and exclude distant metastasis in cases of other diagnoses. The definitive diagnosis is based on immunohistochemistry of the operative specimen. Schwannoma stains strongly for S100, and the mitotic index should be calculated to help differentiate benign from malignant lesions. Surgery is the mainstay of treatment, and as for other mesenchymal tumors, wedge resection rather than classic regional resection is advised. 
